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Abstract 
Sixty-five Rhizoctonia-like fungal isolates were obtaíned from plants exhibiting 
symplollls oí' rool disease from a rorest nurscry (Pil1l1s and QucrclIs) in Spain 01' 
form samples sent to the laboratory of plant health (DARP, Generalitat de 
Catalllnya). Thrce morphoclIltllral groups were obtained: two groups (85%) were 
binuc1eate Rhizoctonia and the other (15%) were multinucleate and belonged to 
R. solani AG-S. The binucleates did not anastomose with the known AG isolates 
tested. RFLP-based dendrogram grouped binucJeate iso lates separately from 
multinucleatc. Pathogenicity tests showed the multinucJeate ¡solates were more 
aggrcssive than the binuc1eates against genninating seeds of Monterey pine. 
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1 Introduction 
Root rot and damping-off are the most destructive diseases in many plant species 
in forest nurseries around the world. Frequently, the pathogen is a species of 
Phytophtora, Pythiul11, Fusariul11 01' /1lllltinucleate. binucleate 01' uninucleate 
Rhizoctonia types (Hietala and Scn 1996). 
Rhizoctonia causcs important diseascs in most greenhouses, in fie1d-grown crops 
\Vorld-wide and in foresl nurseries. Rhizoclonia species associated with these 
diseascs have bcen identified by morphological characteristics (Saksena and 
Vartaja 1961), and lIsing the anastomosis grouping concept by Ogoshi (1987) 
thcy were ciassified as multinucleate and binucleate Rhi:wctonia ranged into 
severa] anastomosis grouping (AGs). 
Multinucleatc isolates, according to Snch et al. (199\), belong to thrce specics 
Rhizoctonia solani Kühn (Teleomorph: Thanatephorus cucumeris (Frank) 
Donk), R. zeae Voorhees and R. OI)'Z(¡e Ryker and Gooch (Teleomorph: Wailea 
eireina/a WarclIp and Talhot). R. solani, can be separated into 12 anastomosis 
140 
groups : AG~ I to AG-11 and AG-BI (Ogoshi 1976, Kuninaga et al. 1978, Neate 
and Warcup 1985, Carling and Kebler 1987, Sneh et al. 1991, Snch et al. 1996), 
as well as several intraspecific subgroups on the basis of anastomosis 
combinations, pathology and morphology, as well as molecular and biochemical 
characteristics (Laroche et al. 1992, Sneh et al. 1996). Binuc lcate Rhizoctonia 
iso lates (Teleomorph: Ceratobasidium Rogers) are also grouped by anastomosis 
into AG-A to AG-S (Ogoshi et al. 1979, Onikí et al. 1986, Sneh et al. 1991). 
Also, a uninucleate Rhizoetonia was found as a very aggressive root pathogen of 
Norway spruce and Scots pine in Finland (Lilja 1994, Hietala et al. 1994) with 
the teleomorph closely resembling to Ceratobasidium bicorne Erikss. and Ryv. 
The main objective of this study was to characterise the isolates of Rhizoctonia 
from nursery plants in the North-eastern of Spain, using not only morphological 
analysis, but also molecular methods, as well as to determine their pathogenicity 
and to identity the anastomosis groups. 
2 Material and methods 
2.1 Fungal strains 
Rhizoetonia was isolated from 45 diseased plants (Quercus spp. and Pinus spp.), 
exhibiting stem rot, root rot and damping-off (Table 1). Three or four iso lates 
were made [rom each plant. 
Table 1. Rhizoctonia isolates, morphotypes, nuclear state, anastomosis grouping 
(AGs) and pathogenecity test from forest nursery isolates. 
Isolates Morpho- Host Date Nuclear Condition Ags' Disease 
code type severitl 
N40 B Quercus 1998 Multinucieate 5 4 
N41 B Pinus 1998 Multinucleate 5 4 
N42 C Pinus 1997 Binucleate 2 ~¡ 
N43 B Quercus 1998 Multinucleate 5 4 
I:.~jl 
N44 B Quercus 1997 Multin ucleate 5 4 
N45 C Quercus 1998 Binucleate 2 i '~ 
N58 A Pinus 1998 Binucleate 2 
N59 A Pinus 1998 Binucleate 2 
N62 A Quercus 1998 Binucieate 1 
N63 A Quercus 1998 Binucleate 2 
'H Not belonging to any of the AG tested in thls study. 
20isease severíty 1, no symptoms, 2, superficial necrotic lesion. 3, root necrosis and decay, 4, 
extensive root rot, 5, damping-off. 
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Roots, hvpocotyls 8nd StClll hascs were brielly washcd with tap water, then 
immersed in water supplemented with 250 mg ml-] chloral11phenicol (0-(+ 
threo-2-dichloroacetamin-l-(p-11 nitrophenyl)-I,3-propanediol) for 1 min and 
blotted dry with absorbent papeL Six root segl11cnts were plated on potato 
dextrose agar (POA, Biolife) which contain 50 mg 1-1 neomycin sulphate, lOO 
mg 1-1 slreplol11ycin sulfate (PDA+) (Carling and Leiner 1986). 
Plates were incubated at 24°C for 48h without light. Rhizoctonia-I ike isolates 
along the margins of each clul11p were identified with light microscope (1 OOx) 
according to the mycelium morphological features (Parmeter et al. J969, 
Parmeter and Whitney 1970). Hyphal tip from Rhizoctonia-like l11yceJium were 
transferred to POA and purified cultures were stored in soiJ whcat-bran (Butler, 
1980) and colonising cereal grain (Sneh et al. 1986, Naito et al. 1993, Kuzina 
and Windels 1994). When possible, four isolates of each morphotype were used 
for nuclear staining, anastomosis grouping, molecular analysis and pathogenicity 
test. 
2.2 Nuclear staining 
Nuclei were stained by treating 2-day-old hyphal strands of Rhizoctonia growing 
on water agar (WA) with ) ug ml-I of 4',6'-Diamidino-2-phenylindole (DAPl) 
(Sneh et al. 19(1). Fluorescent nuclei were counted at 400x magnification using 
fluorescent microscopy. The number of nuclei per ¡solate was based on the 
average of 20 observations. 
2.3 Anastomosis grouping 
The Rhizoctonia-like ¡solates were paired with the available tester ¡solates. The 
l11ultinucleate isolates with 10 tester isolates of Rhizoctonia sotani: AG-l-l A, 
AG-2-1, AG-2-2, AG·3, AG-4, AG-S, AG-6 G-V, AG-7, AG-9T and AG-) O, 
supplied by Dr. S. Jabaji-Hare (McGill University, Canada). The binucleate with 
5 testers: AG-A, AG-C, AG-G, AG-} and AG-P, supplied by Dr. A. Lilja 
(Finnish Forest Research ínstitute, Finland). POA plugs (S mm in diameter) were 
cut from margins of week-old growing colonies and a tester strain was pJaced on 
one edge oí" 9-cm plastic petri plate containing 2 % water agar (WA), and a disk 
from the ¡salate was placed on the other edge. AII plates were incubated at room 
temperature (27° C), the anastomosis group was checked 24h and 48h after 
incubation. The anastomosis points were observed under a light microscope 
(1 OOx). The anastomosis group was dctcnnined based on hyphal fusion between 
the two isolates (Ogoshi et al. 1979). Hyphal fusion was checked on 10­
microscope fields to confírm that both isolates belonged to the same AG. 
2.4 DNA isolation 
The DNA isolation was carried out from mycelia cultivated in petri dishes on 
cellophane membranes placed 0/1 a medium composed with PDA according to 
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the protocol described by Vainio et al. (1998). Mycelia were collected from the 
surfacc of cultun: mcdium with a stcri!e scalpel and disrupted in an extraetion 
buffer (50 mM Tris-Hc!, pH:7.2, 50 mM EDTA, 3% SOS, 1% beta­
mercaptoethanol), then incubated at 65° C during Ih. Purifícation was carried out 
three times with Phenol-Chloroform-Isoamyl alcohol (25:24: 1, v/v) then lwice 
with Chloroform-lsoamyl alcohol (24:1, v/v). DNA precipitation was done with 
polyethylene glycol (20 % PEG and 2.5 M NaCI). The resulting s01ution was 
incubated on ice for 20 min and the DNA was collected by centrifugation for 20 
min at 14 000 rpm. The pellet was washed with 70 % ethanol, dried under 
vacuum and resuspended in 50 ~d of TE (10 mM Tris-Hel, pH:7.2, I mM 
EDTA). 
2.5 PCR amplification 
Two oligonueleotide primers ITS 1F and ITS4 (White et al. 1990) were used to 
amplify the ITS regions in rDNA including 5.8S. PCR rcactions were set up 
using Dynazyme Il DNA polymerase (Finnzymes Ud, Finland) in 50 ~l of final 
volume, using buffer conditions recommended by the manufacturer. Thirty-five 
PCR cycles were condueted on an automated thennocycler (Perkin Elmer Cetus, 
Norwalk, CT). After an inirial denaturation for 10 min at 94'1 C, the following 
parameters were used for each PCR cycle: denaturation 1 min at 94° C, 
annealing 45 sec at 50° C, extension 1 min at 72° C. Control tubes without DNA 
template were included in eaeh experiment and at least two independent 
po!ymerase chain reaetíon amplifications were performed from eaeh isolate. 
Aftcr amplifieation, 5 ~d from each sample was subjected to electrophoresis and 
100 bp DNA Ladder (Gibco BRL, Gaithersburg, MO, USA) was used to 
dctennine the size of amplimers. Gels were stained with etidium bromide and 
photographcd over an UV transillumínator. 
2.6 RFLP analysis 
Before DNA restriction analysis, amplified PCR products were preeipitated in 3 
M NaCI and 95 % EtOH on ice for 30 min, washed with 70 % EtOH, dried under 
vacuum and resuspended in TE buffer, to eliminate the excess reagents. 
ONA restriction fragment analyses were done with 5 endonueleases (Alu 1, Bam 
HI, Hae rrr, Eco RI, and Msp f) under conditíons recommended by the 
manufacturer (Boehringer Mannhcim Gmbh, Germany). DNA restriction 
fragments were separated by electrophoresis in gels containing Agarose NA 
(Pharmacia Biotech) and agarose (FMC BioProduets, Rockland, ME, USA) in 
coneentrations of 0.8 and 0.8 % (w / v), respectively, prepared in 1% TAE-buffer 
(40 mM Tris/acetate, pH: 8.0, I mM EDTA), A 100 bp ONA Ladder was used as 
a molecular weight standard ro determine size of restriction fragments. 
For data analysis, only the reproducible and distinct strongly stained bands were 
taken into account, whereas faint or less reproducible bands were ignored. RFLP 
~ 
L"·, 1 
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patterns were transfarmed into a binary character 11latrix (] for presence of a 
band at a parlicular position and O rOl absclH::c). Fusarium molinijorme was used 
as outgroup. Bootstrap analysis used ]000 rcsamples 01' the data. 
Data were analyscd using the program TREECON (Van de Peer and De Wachter 
1994). T'he genetic distance (GDxy) or genetic dissimilarity was calculated 
according to Nei and Li (1979) as Gdxy = ] - (2Nxy/ INx + Ny] ) where Nxy is 
the number of fragments (bands) shared in lines "x" and "y", and Nx is the 
number offragments in line "x", and Ny is the number 01' fragment in line "y". 
2.7 Pathogenicity test 
Monterey pine seeds (Pinus radiata L.) were treated for 5 min with the fungicide 
(Benomyl 80%) at 5 g kg'! of seeds. Plastic pots (9 cm in diameter) were filled 
with moistened sterile greenhouse potting mix of peat moss and soil (2: 1, v/v) 
and as inoculum a plug of agar containing myeelium from 6-day-old cultures 01' 
Rhizoctonia was added to a depth of 7 cm. Control test received a sterile plug of 
PDA. Before planting, pots were incubatcd for two weeks at 23°C. Five 
replicates (five pots) were tested for eaeh isolate. Three seeds were planted per 
pot and incubated at 20-24°C and watered as needed. 
Four weeks afier planting, emerged and non-emerged seeds were harvested and 
examined for lesions, isolation were made from the root system and from the 
non-emerged seed surface. The disease severity was evaluated on a 1-5 scale, 1) 
no symptoms, 2) superficial necrotic les ion, 3) root necrosis and deeay, 4) 
extensive root rot, 5) damping-off. 
3 Results 
Within the 65 isolates of Rhizoctonia growing on PDA t\.\'o main morphocultures 
were obtained. Most ofthe strains, 82%, (morphotype A) showed white cultures 
with abundant aeria! myeelium, after growing a week the colour changed to pale 
yellow and befare two weeks scare sclerotia were produced oyer the surface. 
Other cultures, 15%, (morphotype B) .were initially white to cream and turned 
dark brown withín 3 weeks, abundant brown to dark sclerotia were produced 
mainly on the centre ofthe petri dish, around the original inoculum source. Only 
two isolates (N42 and N45) showed different features (morphotype C), the 
cultures were pale yellow-pinkish and afier two weeks tumed to dark yellow. 
Al! morphotype A and C strains were binucleatc and the morphotype B was 
multinucleate (Table 1). Binucleate and multinucleate hyphal cells werc clear]y 
stained by 4', 6'-dial11idino-2 phenylindole (DAP!), number of nuclei per cell 
ranged frOI11 7 to 17 for multinucleate isolates and 2 nuelei for binucleate isolates 
with a clear difference in nuclei size. 
The l11ultinucleate and binuelcate isolates were paired with testers and assigned 
to anastomosis groups. AH l11ultinucleatc isolates belonged to AG-S and 
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binlleleate ¡solates failed to anastomose with any of Ollr tester strains (AG-A, 
AG-C, AG·O, AG-!, and AG-P). (Table 1). 
Amplification of the ITS and 5.8S rDNA region was sllccessfully using the 
ITS 1F and ITS4 primers. in all the amplitications a single DNA fragment of 760 
bp was obtained for binucleate strains and about 780 bp for multinucleate strains 
(the olltgroup strain PCR product was 600 bp). Table 2 shows the restriction 
patterns (RFLPs) with Alu [, Hae UI and Eco RI, from iso lates, as well as tester 
strain AG-S and binueleate tester strains. The enzymes Bam HI and Msp 1 do not 
cut the amplified rDNA from any ofthe isolates. 
Table 2. Restrictíon fragment sízes (bp) after endonuclease digestion with Alu 1, Hae 
111, Eco RI af the ITS rDNA regions for Rhizoctonia isolates from Table 1, 
Rhizoctonia testers (AG-5, AG-A, AG-C, AG-G, AG-I and AG-P) and Fusarium 
moliniforme (FM) 
Isolates code Alu I Hae 111 EcoRI 
N40, N41, N43, N44,AG-5 400,240. 120 600, 120 380. 350 
N42, N45 300,200,220 500, 180 380, 350 
N58, N59, N62, N63 520, 200 500, 180 380, 350 
AG-A 500, 200 300,240, 180 380, 350 
AG-C 500, 200 500, 180 360, 360 ;,~,.' 
,'¡' 
AG-G, AG-I, AG-P 520, 200 500, 180 360, 360 
FM 500, 100 290,160, 100 300, 300 
The dendrogram constructed from the distance matrix with the neighbour~joining
 
method is shown in Figure 1. The dendrogram revealed two major groups within
 
the iso lates studied. In one group, al1 the multinucleate iso lates (morphotype B)
 
elustered together in the same elade as AG-5. This elade is supported with a
 
bootstrap value of 100%. In the other group, all the binucleate isolates clustered
 
together with the binucleate testers, aIthough it was not possible to relate any
 
partern to any of the binucleate testers. RFLP patteros from isolates of
 
morphotype A clustered separately from those obtained from morphotype C,
 
. however, the low bootstrap value 39 % shows that this grouping is oot firmly
 
supported. 
For seeds genninating in pots with multinucleate Rhizoctonia, 27 % germinated 
and aH plants were infected and died after one month. However, among the 
binucleate ¡solates, between 70-80 % of seeds germinated and aIl survived uotil 
harvesting. The multinucleate iso lates (Table 1) caused an extensive root rot 
(grade 4), whereas binucleate isolates provoked superficial necrotic lesions 
(grade 1-2). 
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Figure 1. Dendogram constructed from PCR-RFLP data of IT81-5.88-IT82 of 
Rhizoctonia ¡solates using the neighbour-joining method from the distance matrix 
calculated according to Nei and Li (1979). Data were analysed using the programme 
TREECON (Van De Peer and De Watcher 1994) 
4 Discussion 
In agreement with Schisler et al. (1994) and Masuhara et aL (l994), the majority 
of Rhizoctonia isolates in this study were binucleate. These strains, according to 
the morphology, RFLP patterns and pathogenicity tests, appear to belong to two 
different AG groups, although it was not possible to assign them to known AG 
groups. English et al. (1986) identifieda very aggressive binuc1eate Rhizoctonia 
that causes blight of longleaf pine seedlings in Florida nurseries as CAG-3. In 
South Australia, Masuhara et al. (1994) reported that binucleate Rhizoctonia 
AG-5, AG-A, AG-F, AG-I, AG-K were able to induce damping-off in plant 
nurseríes. We can confirm that none of the binucleate isolates [rom this study 
belong to AG-A neither to AG-I, which have been reported to cause damage in 
conifer seedlings (Camporota and Perrin 1998). Our binucleate strains were less 
virulent and sometimes were isolated from healthy plants. 
According to the data obtained in this study, mu Itinucleate iso lates belong to 
AG-S. Huang and Kuhlman (1989), Masuhara et al. (1994) and SchisJer et al. 
(1994) reported that AG-4 and AG-2-1 were the groups involved in damping-off 
in forest nurseries. In Spain, Cenis et al. (1995) compared RAPDs patterns 
obtained from 29 Rhizoctonia isolates from different hosts (4 Pinus silvestris 
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obtained from 29 Rhizoetonia iso lates from different hosts (4 Pinus silvestris 
from Jaén) and 9 AG testers iso lates. They eoneludcd that the ¡salutes [rol11 P. 
silvestris belong to AG-4. According to the bíbliography available, this is the 
first time that ¡salates belonging to AG-S groups are reported in Spanish forest 
nurseries. Snch et al. (1991) reported AG-S strains from many vegctable erops 
including sugar beet, potato, soybean and lima bean, but the t"irst citation of AG­
S in forest nursery diseases was mcntioned by Camporota and Perrin (1998). 
Thc AG-S strains have a high capacity of adaptation in new habitat and increase 
the inoculum concentration in a short time. Camporota and Perrin (1998) showed 
that members of AG-S were very virulent in post-emergence of Pinus nigra 
subsp Laricio seedl ing from Frcnch forest nurseries. In our survey we have 
observed that disease severity was increased by the irrigation system, 
temperature and percentage of organic mattcr in soil. In a lot of cases the source 
of inoculum was contamined organíc matter. 
The host was not in accordance with the nuc lear conditian of Rhizoctonia strains. 
This finding agrees with previously reported survey. 80th nuclear states of 
Rhizoetonia were isalated from a wide range of forest plants: 10ngleaf pine 
(English et al. 1986), Scots pine (Hietala et al. 1994, Lilja 1994), slash pine, 
lablolly pine and from forest nursery soils (Huang and Kuhlman 1989, 1990). 
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